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Abstract

The ionization cooling of muonsequires longitudinal
acceleration ofthe muonsafter scattering in ahydrogen
target. Inorder tomaximize theacceleratingvoltage, we
propose using lineaacceleratingstructures with cells
bounded bythin beryllium metal foils. Thigproduces an
on-axisfield equivalent tothe maximum surface field,
whereas with beam-pipes theaccelerating field is
approximately half that of thpeak surface field in the
cavity. The muons interaadnly weakly with thethin

with alternatecells coupledtogether externallyand the
two groups of cellded in quadrature. Atpresent we are
considering an operating temperature fK to gain a
factor of atleast two inQ-value overroom temperature.
We will describethe design ofthe U2 interleaved cavity
structure, design of an alternatimemode open structure,
preliminary experimental results from a low-powtest
cavity, and plans for high-power testing.

1 INTRODUCTION

Feasibility studies of muorcolliders for high energy
physics experiments have beemderwayfor someyears,
and critical issues and experiments have héentified [1,

of Mississippi, MS
beryllium windowsthrough which the muon beams pass
with low scatteringrate [3,4]. This allows the shunt
impedance ofthe device to be increasedhe maximum

surface field to equal the on-axis accelerating fietd] the

phase advance per cell to be arbitrarily chosen.

In addition to the pillbox design, weare studying a

standing wave multicell cavity with open aperturssaled

to match the beam profile through the structure.

2 RF SYSTEM REQUIREMENTS

ongitudinal momentum lost by the muons snattering
in the liquid hydrogentarget. Each section mustrestore
the longitudinal energy lost in the preceding target,
resulting in anaverage gradient requirement of 34 MVm
experienced by the muon beam.

Beryllium window thickness is limited by thadditional
emittance increaseresulting from Coulomb scattering
within the metal. Although thélerance to Be igreater

at the input to the cooling channel, where the emittance is

largest, we choose to use the thinner (127 wimdows

demanded at the low-emittance end of the cooling channel.

An alternating solenoidal magnetield will be applied
throughout the cooling channel to focus the beBeak
fields of 15 T or greateare produced bysuperconducting

2]. One of the more important issues is that of coolingyenpidsandthe RF structures must sit inside there

the overall 6-dimensional phase spacetloé collected
muons by a factor of approximately ®1id a time dictated
by the short muon decay time.

An ionization cooling scheme has beeéeveloped, in

of the solenoids. The length of the R&ccelerating
structure is 1.3 m.

Table 1: Cooling section RF system specifications

which the muons lose momentum in a low-Z material,

afterwhich they regain their longitudinal momentum

an RF acceleratingection. Sections ofbsorberand RF

accelerator alternate inside a solenoidal magnetic focug

field, and bent solenoid emittance&xchange sections

provide 6-dimensional cooling. The entire coolicigannel
may consist of about 20 modules, witifaator 2 cooling

"Frequency (MHz) 805
Muon momentum (MeV/c) 180

“Relativistic 0.87
Average accelerating gradient (MVAn 34
Beryllium window thickness (um) <127

per module.

The large transverse emittance tife muon beam
requires large aperturesand the RF cavities must
accommodate up to a 16 cm beam diameter. Sualge
bore leads to a low shuithpedance inconventionalopen
beam-pipe structures, however we propose stody
cavities with up to 16 cmdiameter thin (127 pm)
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3 W2 INTERLEAVED CAVITY

TheT1v2 interleaved cavity consists of two chainssife-
coupled cavities with Be windowsjnterleaved,with a
difference ofr/2 in the phase of thdrive power to each
chain. Figure 1 shows a section of the structdeeh cell
is a modifiedpillbox, with beryllium windows defining
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the end plates, through which the muon beam passes. Adelitional tests are plannedfor a pillbox cavity with
peak surface field ighus equal tothe peakaccelerating beryllium surfaces onthe end plates, operated athigh
field on axis. Couplingbetweencells is through aside- power and in a magnetic field to study surface breakdown.
coupled cell, and the phaseadvancebetweencells is Wakefield effects of asubrelativistic beam in a pillbox
determined to bev2 by appropriate choice of cell lengthstructure are under investigation.

for the given muon velocityand phase ofdrive to each We will also test a low-power cavity to investigagveral
chain of cells. Each chain igoweredfrom a waveguide of these aspects, as described in section 5.

coupledinto one of theacceleratingcells. Couplingcells  Properties of ther/2 interleaved structure at room
are coaxial structures, resonant at tfrequency of the temperature are listed in table 2.

accelerating cells. The design has a high shupédance
and is tolerant to dimensional errors.

To further increas¢he shuntimpedance, we propose to
investigate the possibility of cooling the structure to
liquid nitrogen temperatures. The resultinigcrease in
conductivity of copper is aboutfactor oftwo over room

Ay

(o

temperature, and a greater increase magxpectedor the /
-

A

COAX IAL COUPL ING CAVITY (2) PLACES
LIQUID N2 PASSAGE (4) PLACES

beryllium windows. The physical properties of beryllium
at low temperatures, however, are not vdettermined and
are the subject of several channels ofvestigation,
including the manufacture of a low-power test cavity with O
interchangeable windows. We expect iemprovement in
Q-value, and hence shunt impedance, of a facttwofat
77K.

PIiiNNG2
VIEWING PORT /ECTIO"‘ CA-Ar
ACCELERATING CAVITIES

The inclusion of beryllium windows, allowing the  Figure 1: Layout ofv2 interleaved cavity structure
accelerating field to equalhe peak surface field, and

isolation of cells in thenterleavedstructure,increase the Table 2:1v2 interleaved cavity specifications (room
shunt impedance ofthe structure over conventional temperature)

designs. Therade-offs arewith difficulties in mechanical

constructionand stability of the structurepower and| Transit time corrected shunt pedance (M2m?) 37.8

2.1 Beryllium windows

voltage handling capabilitiesind darkcurrent generation{ Q. 19600
Wakefield effects ofthe thin beryllium foils may bg Transit time T 0.9
advantageous. o Filling time T (us) 3.9
As the cavity cools toliquid nitrogen temperatureg,~g, length (cm) 81
differential contraction betweethe berylliumwindow and Power for 34 MV (MW m) 31'

the copper body ofthe cavity results incompressive
stresses on the beryllium, causing it to distort. The

result_lngfr_equencychange s unacceptabland we are 4 OPEN IRIS STRUCTURE

studying window frame designs of composite materials

and pre-stressing the foil to overcontbe compressive An alternative to ther/2 interleavedstructure is the
forces onthe foils. Heating by RFcurrents inthe foil conventional multi-cell cavity with open irises through
causes expansioand additional distortions, complicated which the beam passes. Thidesign avoids the
by the sensitivity of beryllium materials properties t@omplications of mountingndcontrolling distortions in
temperature [5]. It is clear that the stresiseisiced by RF thin metal foils, but involves the use of mgrewer (the
heating are beyond yieldstrength if operated atroom structure has a lower shumhpedance)and operating at
temperature, we are investigating solutions at 77K. higher peak surface fields. Table 3 lists the RF
Voltage handling capability is being studied in tests at tiebaracteristics of the open-iris structure shown in figure 2,
AO facility at FNAL. Here, small (16mm diameter) artemode eight cell linac (a half-structure is modeled here).
samples of beryllium foils of thickness varying from 125Ve plan to build three-cell structures to high power test in
um to 50 um aréeingtested atigh field in a1.5 GHz strong magneticfields to determinethe viability of

RF gun structure. Tdate, nodamage tofoils hasbeen operating cavitiesinder conditionsrequired inthe muon
observed up tdhe maximumachievable gradient of 35 cooling experiment. Lacking the more complex
MVm™. Tests will continue at highegradients in an engineering challenges of tné? interleaved structure, the
effort to determinghe damagdevel for the foils. Dark open-iris design may allow the masipid development of
current may also be investigated ifis apparatus. a structure for the initial cooling tests.
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dissipation under long-pulse operation in the cooling

Table 3: Open iris cavity specifications channel RF systems.

The low-power cavity is beingmeasured at LBNL,
Transit time corrected 17 currently at room temperaturand measurements at low
shunt impedance (Mm™) temperatures are scheduled to begin soon.
Q, 29500 Beryllium properties are also being investigated in
Transit time T 0.6 experimental apparatus at BNand atthe University of
Filling time t (us) 12 Mississippi. Measurements of beryllium strips in a
Cell length (cm) 16.2 structure resonant at 805 MHz have beeade as a
Power for 34 MVt (MW m) 68 function of ambient temperature, taletermine the

resistivity of beryllium incommercialgradefoils. D.C.

measurementare also beingmade, and initial results
show a discrepancy betweenthe low-temperature
measurements at d.and at805 MHz, with the RF
measurements indicating substantially higher resistivity.

Figure 2: Open-iris cavity design, showing electric field i
an 8-cell structure

5 EXPERIMENTAL STATUS

An experimental low-power test cavity consisting of tw
coupled half-cellandone full cell of thetv2 interleaved
cavity structure has been built to test mecharstaibility, Figure 3:102 interleaved cavity low-power test structure,
Q, andthermal effects to LN2 temperatures. Figure 3 copper cavity halves

shows the two halves of the/2 interleavedcavity low-

power test structure. The irises are open in this view. Thiggh-powertesting of cavities willtake place aFNAL,
beryllium foils are diffusion bondedinto in a sturdy within a 5T solenoidal magnetic fieldand using an
beryllium ring, which is therclampedinto the copper existing 805 MHz klystron operating at up to 15 MW.
cavity with RF contactestablished by circumferential Plans are well advanced, andhigh-power testing is
springs mounted inside the irand clamp ring. Center scheduled to begin in September 1999.

conductors arenounted in the coupling celdndthe two

halvesand also end plates are bolted together. Springs 6 REFERENCES
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